Background and Aims: The incidence of childhood-onset [< 18 years] inflammatory bowel disease [IBD] is increasing worldwide, and some studies suggest that it represents a more severe disease phenotype. Few nationwide, population-based studies have evaluated the surgical burden in patients with childhood-onset IBD, and whether the improved medical treatment has influenced the need for gastrointestinal surgery. The aim was to examine whether the surgical treatment at any age of patients with childhood-onset IBD has changed over time. Results: In the cohort, 44% were females and 56% males. The median age at inflammatory bowel disease diagnosis was 15 years and the maximum age at end of follow-up was 31 years. The 3-year cumulative incidence of intestinal surgery was 5% in patients with ulcerative colitis and 7% in patients with Crohn's disease, and lower in children aged < 6 years at inflammatory bowel disease diagnosis [3%] than in those aged 15-17 years at diagnosis [7%]. Calendar period of inflammatory bowel disease diagnosis was not associated with risk of surgery. Conclusion: Over the past 13 years, the risk of surgery in childhood-onset inflammatory bowel disease has remained unchanged.
Introduction
The incidence of inflammatory bowel disease [IBD] in children is increasing worldwide. [1] [2] [3] Data from Sweden and other Nordic countries have shown a similar trend, [3] [4] [5] [6] with a higher incidence of childhood-onset IBD than in other parts of the world. [7] [8] [9] In 2003 to 2013, the incidence rate of childhood-onset IBD in Sweden was 17/100 000 in girls and 20/100 000 in boys. 5 In children with ulcerative colitis [UC] , surgery is needed in acute severe colitis not responding to medical therapy, and elective colectomies are performed in children with steroid-dependent disease, poor response to medical treatment, or delay of growth and/or puberty. 10, 11 In addition to these indications, children with Crohn's disease [CD] require surgical treatment for strictures and fistulas. 12, 13 The childhood-onset IBD phenotype is characterised by more extensive disease location. [14] [15] [16] Studies also suggest that childhood-onset IBD represents a more severe phenotype associated with increased use of immunomodulatory therapy and need for surgical treatment. [17] [18] [19] More recent population-based studies have shown a cumulative probability of surgical treatment after 3-5 years ranging from 5-34% in children with CD and 7-20% in children with UC [Supplementary Table 1 , available as Supplementary data at ECCO-JCC online]. 1, 7, [16] [17] [18] 20, 21 The introduction of immunomodulators [e.g. azathioprine] during the 1990s and inhibitors of tumour necrosis factor [anti-TNF] at the beginning of the 21st century has evoked hope that the need of surgical treatment would decrease. 22 Whereas some studies have shown a decreased need of surgery after introduction of antiTNFs, 20, 23 other studies have shown an increasing rate of intestinal resections in children with CD. [24] [25] [26] Hence, it is still unclear whether the need for surgical treatment of patients with childhood-onset IBD has decreased in recent years.
In order to shed further light on this question, a populationbased nationwide register study was performed including all children diagnosed with IBD between 2002 and 2014 in Sweden. The aim of this study was to describe the need for surgical treatment in a modern cohort of patients with childhood-onset IBD during childhood and early adulthood.
Materials and Methods

Study design and setting
In this population-based cohort, we included all Swedish children diagnosed with IBD before their 18th birthday during 2002 to 2014. In Sweden, paediatric gastroenterologists treat children with IBD during childhood until 18 years of age. When in need of surgery, children with IBD may be treated by paediatric surgeons as well as by general surgeons, depending on local tradition. Since 1947, residents of Sweden have been assigned a unique personal identifier including information on year, month, and day of birth, as well as sex of the person. This national personal identity number is used in all official registers and documents, also enabling linkage of registries. 27 This nationwide cohort study was based on data from virtually complete Swedish nationwide registers of hospitalisations, causes of death, and emigration. [28] [29] [30] Swedish inpatient diagnoses of IBD have been registered in the National Inpatient register since January 1, 1964 [increasing coverage over the years] and with nationwide full coverage since 1987. 29 In addition, all Swedish IBD diagnoses in specialist [non-primary] outpatient care have been registered in the Outpatient register since January 1, 2001. We restricted our IBD population to only those children who had at least two IBD diagnoses recorded by a physician on two separate occasions, in order to minimise the risk of potential misclassification, 31, 32 and follow-up time was calculated from the first IBD diagnosis.
Study population
To decrease the risk of introducing bias, given the variations in follow-up time, type of IBD was specified at study inclusion for all analyses of future surgery. Since two IBD events were required for inclusion, some children received a mix of codes for UC, CD, or the code for IBD-U, and they were all categorised as IBD-U. However, in the descriptive statistics of the study population at end of follow-up, we used a different definition of UC, CD, and IBD-U. Because different IBD diagnoses might be documented during a patient's medical history, due to a colitis that is difficult to categorise as either UC or CD or simply due to an incorrect registration by mistake, we classified patients with a mix of codes during the past 5 years for UC, CD, or IBD-U during follow-up as IBD-U. Moreover, patients who only shifted between UC and CD [and vice versa] and who had been diagnosed with only UC or CD the past 5 years of follow-up, were classified as UC or CD in our end of follow-up classification. The same classification was also used in a sensitivity analysis calculating the risk of intestinal resection, colectomy, and perianal surgery.
IBD surgery
Data regarding IBD surgery were extracted from inpatient care, and procedures were coded using the NOMESCO Classification of Surgical Procedures. Surgeries performed before IBD diagnosis and during follow-up were reported separately. In addition to describing risk of surgery through the entire follow-up [up to the 31st birthday], we also calculated risk of surgery during childhood [ For reconstructive surgery, the following codes were used for ileorectal anastomosis depending on whether the procedure was done in conjunction or following the colectomy: JFH00, JFH01, and JFH00, JFH01, JFC40, JFC41, JFG26, JFG29. Likewise, the following codes for ileal pouch anal anastomosis were used: JFH30, JFH33, and JFH30, JFH33, JGB50, JGB60, JGB61. When the outcome of interest was intestinal surgery, the children were followed from study entry until the date of intestinal resection (colectomy, bowel resection, or strictureplasty [irrespective if perianal surgery had been performed prior to that date]), death, emigration or December 31, 2014, whichever came first. Similarly, in the analyses of colectomy, the children were followed from study entry until the date of colectomy [irrespective of whether other IBD surgery had been performed], death, emigration or December 31, 2014. Children in whom a colectomy was performed before study entry were excluded from these analyses. In the analyses of perianal surgery, the children were followed from study entry until the date of perianal surgery [irrespective of whether intestinal resection had been performed], death, emigration or December 31, 2014.
Exposure to thiopurines and anti-TNF
The cumulative incidences of surgery were estimated using the Kaplan-Meier method. Potential differences in time to surgery by patient characteristics were tested using the log-rank test. Cox regression was used to estimate crude and adjusted hazard ratios of surgery with robust estimates for the standard errors. 34 The proportionality of the hazard functions across covariate patterns was tested with Schoenfeld's residuals, and there was no sign of non-proportionality. The multivariable model was adjusted for sex, age at first IBD diagnosis (< 6 [very early onset IBD; VEO-IBD], 6-9, 10-14, 
Results
A total of 45 626 unique patients diagnosed with IBD in 2002 to 2014 were identified. Of those, 40 931 were excluded due to age ≥ 18 years at IBD diagnosisn leaving 4695 children in the final cohort. Table 1 Table 2 describes the study population at end of follow-up, stratified by type of IBD diagnosis at start of follow-up. The IBD diagnosis may change over time, and to determine the proportion of patients who received a different IBD diagnosis during followup, registered IBD diagnoses during the past f5 years of follow-up were also analysed. Of patients initially given a UC diagnosis, UC was the only diagnosis during the past 5 years of follow-up in 86% of the patients. The corresponding proportion in CD patients was 83%, and in patients with IBD-U 36%. Extra-intestinal manifestations were diagnosed in 8% and primary sclerosing cholangitis in 6%. The majority of patients had received medical treatment with thiopurines [60%].
The median time from IBD diagnosis to first surgical event [among patients who had surgery] was 3 years [range 0-13 years]. All surgical procedures performed during the entire follow-up [ie not only the first event] are described in Table 3 . Any surgery was performed in 10% of UC patients and 19% of CD patients, including intestinal resections in 8% of UC patients and 12% of CD patients. In patients with UC, colectomy was the most common surgical procedure [7%], whereas segmental bowel resection and perianal surgery were the most common procedures in patients with CD [10% each]. Following a colectomy, secondary reconstructions with ileorectal anastomosis and ileal pouch anal anastomosis were more common than primary reconstructions.
Intestinal surgery
The cumulative incidence of intestinal surgery is illustrated in Figure 2 . The 3-year cumulative incidence of intestinal surgery in UC patients was 5%. The corresponding proportion in CD patients was 7%. Intestinal surgery was more common in CD patients: hazard ratio [HR] 1.53 (95% CI [confidence interval] 1.27-1.85) than in UC patients [ Table 4 ]. The 3-year cumulative incidence of intestinal surgery was 3% in children aged < 6 years at IBD diagnosis. The corresponding proportion in children aged 15 to 17 years at IBD diagnosis was 7%. 
Colectomy
The 3 -year cumulative incidence of colectomy was higher in patients with UC [4%] compared with patients with CD [1%] [ Figure 3 ]. In the multivariable model, male gender was associated with an increased risk of colectomy (HR 1.45 [95% CI 1.10-1.91]). Age at IBD diagnosis and calendar year of IBD diagnosis were not significantly associated with the risk of colectomy [ Table 4, and  Supplementary Tables 2 and 3 , available as Supplementary data at ECCO-JCC online].
Perianal surgery
The 3-year cumulative incidence of perianal surgery was 1% in UC patients and 7% in CD patients [ Figure 4 ]. The risk of perianal surgery was higher in males than in females (HR 1.84 [95% CI 1.42-2.40]). There was no negative trend in the cumulative incidence or risk of perianal surgery over time [ Table 4 , and Supplementary 
Sensitivity analysis using the IBD diagnoses during the past 5 years
Given the shift in IBD diagnoses during follow-up, a sensitivity analysis was performed using the IBD diagnoses given during the past 5 years of follow-up instead of the IBD diagnosis at study entry. This analysis revealed that the risks of intestinal resection, colectomy, and perianal surgery, and type of IBD, were not significantly different from the original analyses [data not shown].
Surgery during childhood
The surgical burden during childhood [before the age of 18 years] is illustrated in Supplementary TNF, tumour necrosis factor. a Type of IBD at diagnosis was defined by the first two diagnoses: UC = ulcerative colitis only; CD = Crohn's disease only; IBD-U = unclassified inflammatory bowel disease, i.e. either K52.3 or a mixture of UC and CD-diagnoses. 
Discussion
In a large nationwide cohort of 4695 incident patients with childhood-onset IBD in Sweden during 13 years, the cumulative incidences of intestinal surgery during childhood and early adulthood [up to the age of 31 years] was lower than previously reported. Patients diagnosed with VEO-IBD were at the lowest risk of intestinal as well as perianal surgery. The risk of IBD surgery did not change during the studied period.
In our study, the 3-year cumulative incidence of intestinal surgery in patients with childhood-onset CD was 7%, which is lower than most previously reported estimates. Population-based cohorts have presented proportions ranging from 5% to 20% after 3 years [Supplementary Table 1] . 1, 7, 18 Similarly, the 3-year cumulative incidence of colectomy in patients with childhood-onset UC in our study was lower than in previous studies [4%] , where the corresponding percentages were between 7% and 15%. 1, 17 The present study is the most recent one, and differences in the cumulative risk of intestinal surgery compared with older studies could to some extent reflect the increased use of biological therapy in children over recent years, as it has been shown that the surgical rates are lower in responders to treatment with anti-TNF. 35 Unfortunately, data on medical therapy in the present study were not complete and therefore not included in the regression analyses. Sweden has a high and increasing incidence of childhood-onset IBD, 4, 16 and it is possible that a childhood-onset core phenotype is diluted over time by patients characterised by a less severe disease course. This might explain the relatively low proportion of patients in need of surgical treatment in our cohort.
The differences in the cumulative incidence of surgery could possibly be explained by inclusion criteria. In the present study, we used a validated method to capture all IBD cases, and required two IBD episodes in outpatient or inpatient care. 31 The Canadian study used a validated algorithm including both outpatient and inpatient visits, 1 whereas the Danish study was restricted to inpatient data, which may explain their high proportion of surgery despite the inclusion of patients in recent years. 20 
Year of diagnosis
The present study showed no convincing decrease in the need for surgical treatment in patients with childhood-onset IBD. In one multivariable adjusted model, there was a significant decrease in the evident in cumulative incidence of intestinal resection, either for the entire cohort or in the analyses stratified for type of IBD. In addition, calendar year was not associated with the risk of colectomy or perianal surgery. Previous studies have shown conflicting results. Canadian data from 1994-2004 showed a a decrease in the need for surgery in patients with childhood-onset CD, whereas no such trend was observed in patients with childhood-onset UC. 24 A Danish study showed a decreased need for surgery in patients with childhood-onset UC in parallell to an increasing use of anti-TNF from 2005 and onward, whereas no such trend was seen in patients with childhood-onset CD. 20 
Age at diagnosis
It has been discussed whether age at diagnosis is associated with different phenotypes of IBD. Our cohort consisted of 5% with VEO-IBD [< 6 years of age at diagnosis]. In previous studies with upper age limitis of 15 to 18 years, the proportions of children with VEO-IBD have varied between 3% and 15%. [36] [37] [38] [39] [40] [41] Children with VEO-IBD have been shown to have an even more extensive disease than patients afflicted in later childhood. 37 Nevertheless, our data showed that the cumulative incidences and risks of intestinal and perianal surgery increased with age at diagnosis, which is similar to previous results. 1, 42, 43 There are several possible explanations of the association of VEO-IBD and low risk of surgery in the present study. One possibility could be that in younger children disease course was milder or responded better to medical therapy than in those diagnosed at an older age, and therefore did not require surgical treatment. 44 Another explanation could be a hesistant attitude among the treating physicians, who may be more willing to perform surgery in older children and adults. Older children who do not respond to medical therapy might be more urgently directed towards abdominal surgery in order to catch up on growth and puberty.
Gender
Male gender was associated with a greater risk of colectomy and perianal surgery. The data regarding gender and colectomy are contradictory, 17, 23 and have not always been reported. 7, 20 Similar to our results, two studies found an increased risk of colectomy in males with paediatric-onset UC, 21, 45 and hypothesised that surgeons might be more hesistant to perform abdominal surgery in young women due to the risk of adhesions. 21 However, more research is needed to confirm this association and explore potential mechanisms. The information regarding gender and perianal surgery is sparse, even though perianal disease has been described to be more common in boys. 42, 43 
Strengths and limitations
The greatest advantage with this study is its nationwide nature, with a complete registration of in-hospital as well as outpatient visits, and the validated method of capturing the IBD cases. 31 Despite available data from earlier years, we chose to restrict the study population to 2002-2014 [1 year after the introduction of outpatient visits in the patient register] to be sure to capture only incident cases. This is the largest European population-based study of patients with childhood-onset IBD, 16, 18, 20, 38 and one of two with nationwide coverage. 20 Given the current study's national setting, we believe that the results are generalisable to countries with a similar population and health care system. However, the low cumulative risk of IBD surgery in Sweden could partly be explained by the publicly funded Swedish health care system, available to all residents, and to local traditions. It should be noted that the results may not be applicable to nations with other health care and medical insurance systems. It is possible that the threshold for performing surgery is different in countries where a health care unit's financial results are dependent on the number of surgeries performed and/or where there is limited funding for medical therapies such as biologics.
The main limitation of this study is the lack of detailed clinical information, and the inability to describe the extent of the disease in a reliable way. The clinical considerations, including disease activity and the indication for surgery, and the effects of given medications, are all unknown. In order to avoid introducing differential misclassification, the categorisation of IBD was based on the knowledge received at study entry. As a consequence, there is a mixture of diagnoses in the different groups which is reflected in the number of children with UC treated for perianal diseases. However, the misclassification was independent of IBD class, and using information on IBD diagnoses during the past 5 years of follow-up, instead of the initial IBD diagnosis, did not change the results.
In conclusion, this nationwide cohort study of childhood-onset IBD showed that the cumulative risk of surgery was relatively low, but did not change over the studied time. The lowest risk of intestinal and perianal surgery was seen in those aged < 6 years at IBD diagnosis. 
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